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Some species of the generus Nectandra are used in folk medicine as an antifungal, antidiarrheal, analgesic and antirheumatic agents. Several investigations have demonstrated the biological activity of certain species, e.g., antitumor activity of Nectandra rígida, 3) antimalarial activity of Nectandra cuspidate 4) and Nectandra salicifolia. 5) This last species also shows activity in cardiovascular diseases. 6) Preliminary studies in our laboratory have shown that the crude extract of the leaves of Nectandra falcifolia reduces vascular permeability induced by phlogistic agents. 7) These data indicated, therefore, that the extract might have an antiinflammatory effect, and could be used in the development of new drugs for the treatment of inflammatory diseases.
Phytochemical studies have reported the presence of flavonoids and lignans in species of Nectandra. [8] [9] [10] Both these compounds have biological properties that can contribute to the anti-inflammatory effect of this plant. 11, 12) Therefore, in the present study we investigated the effect of the crude extract of Nectandra falcifolia and its fractions on the inflammatory response, using different experimental models.
MATERIALS AND METHODS

Animals
Male Wistar rats (180-220 g) and male Swiss mice (25-35 g) were used. The animals were maintained under controlled temperature of 22°C and a 12 h light/dark cycle, with water and food ad libitum. The experimental protocol was approved by the Committee for Animal Ethics of the State University of Maringá (003/04-CEEA).
Plant Material Leaves of the plant Nectandra falcifolia were collected in March 2000, in the floodplain of the Upper Paraná River, Municipality of Taquaraçú, state of Mato Grosso de Sul. The material was appropriately preserved and deposited in the holdings of the Nupélia Herbarium at the University of Maringá-PR (HNUP n°1421).
Obtaining the Extract The plant material was dried in an air-circulating oven at 40°C and then ground in a cutting mill (580 g). The extract was obtained by extraction with absolute ethanol at room temperature. The solvent was then removed in a rotating evaporator, resulting in 64 g of ethanolic extract.
7)
Fractioning the Extract Part of the crude extract (28 g) was dissolved in MeOH : H 2 O (1 : 1) and extracted by liquid-liquid partitioning, with solvents of different polarities, resulting in the following fractions: hexane fraction (HF, 6.54 g), chloroform fraction (CF, 3.88 g), ethyl acetate fraction (AF, 3.91 g) and hydromethanol fraction (MF, 12.62 g).
Preparation of the Solutions For the trials with pleurisy and edema of the paw, the crude extract of Nectandra falcifolia (Nf) was diluted in a solution of 16% dimethylsulfoxide (DMSO/water, 1 : 6), immediately prior to use.
For the trials with edema of the ear, the Nf crude extract and the methanol and ethyl acetate fractions were diluted in a solution of acetone/water (1 : 1). The hexane and chloroform fractions were diluted in a solution of chloroform/water (7 : 3).
Carrageenan Induced Rat Paw Edema Paw edema was induced by interdermal injection of 0.1 ml of a suspen- sion of carrageenan dissolved in saline (2.0 mg/ml), in the left hind foot pad. As control, an equal volume of saline was injected into the opposite hind paw, according to the technique of Winter et al. 13) The volumes of the paw (ml) up to the tibiotarsal joint was measured 1, 2 and 4 h after injection of the carrageenan, by means of a Ugo Basile ® digital pletismograph. Edema was expressed in terms of the increase in the volume of the paw, subtracting the values of the paw injected with saline (control paw) from the values of the paw injected with carrageenan.
Anti-inflammatory Activity of Crude Extract and Fractions of
The Nf crude extract (250, 500 mg · kg
Ϫ1
), indomethacin (5 mg · kg Ϫ1 ), the reference anti-inflammatory, and the vehicle (16% DMSO) were administered orally by gavage in the animals, which had fasted for 15 h, 30 min prior to induction of the edema. One group of animals received an equivalent volume of 0.9% saline orally, under the same conditions as the previous groups.
Carrageenan Induced Pleurisy in Rats Pleurisy was induced by injection of 0.25 ml of a carrageenan suspension (200 mg) into the intrapleural cavity, in the region of the right mediastinum between the 3rd and 4th ribs, according to the technique described by Vinegar et al. 14) The carrageenan was diluted in saline buffered with phosphate (PBS, pHϭ7.4). At hour 4 after induction of the pleurisy, the animals were anesthetized and killed, to collect the intrapleural inflammatory exudate. The material, collected by aspiration, was transferred to conical centrifuge tubes. The total volume of the exudate was measured and a 50 ml aliquot was used to determine the number of leukocytes in a Neubauer chamber. For the differential leukocyte count, the red blood cells were lysed by adding Turk's solution, and the resulting fluid was centrifuged at 2500 rpm for 10 min, and the cells were resuspended. The slides were prepared, dried, fixed, and colored. The number of mononuclear and polymorphonuclear leukocytes present in the exudate was determined by means of an ordinary light microscope.
The Nf crude extract (250, 500 mg · kg 15) The samples were deproteinized by centrifugation (5000 g for 120 min at 4°C) in eppendorf tubes with 10 kDa filters. Total nitrate was determined by first incubating the samples and calculating the standard curve (aqueous solutions of KNO 3 in concentrations from 0.2 to 200 mM) with 20 ml NADPH (100 mM), FAD (5 mM) and NO 3 Ϫ reductase (200 mm/ml) for 1 h at 37°C. Next, 20 ml LDH (13.5 U/ml) and pyruvate (9 mM) was added, and the samples were further incubated for 30 min at 37°C. After this period, 50 ml of Griess reagent (a solution containing 0.1% sulfanilamide ϩ0.01% naphthylethylenediamine in 5% phosphoric acid) was added, and the samples allowed to rest for 10 min in ambient temperature. The concentrations of total nitrate were determined in the exudate by measuring the absorbancy (540 nm) with a Spectra Max Plus reader.
Croton oil Induced Ear Edema in Mouse The edema was induced by application of 20 ml of croton oil (200 mg) diluted in a solution of acetone/water (7 : 3) to the inner surface of the mouse's left ear. The right ear received only the vehicle (20 ml). 16) Immediately after injecting the phlogistic agent, in the groups of treated animals we applied 20 ml of the total extract (1.25, 2.5, 5.0, 7.5 mg) or of the fractions (5.0 mg) to the left ear. In the control group, 20 ml of the vehicle was applied to the left ear. After 6 h, the animals were killed, and the ears were sectioned in discs 6.0 mm in diameter and weighed (mg) in an analytical balance. The percentage of inhibition of edema was determined.
Activity of Myeloperoxidase (MPO) The MPO activity was evaluated in the supernatant of homogenates of the ear sections (controls and those treated with crude extract, 5.0 mg; or indomethacin, 1.0 mg), according to the technique described by Bradley et al. 17) The ear tissue was placed in 50 mM potassium phosphate buffer, pH 6.0, containing 0.5% hexadeciltrimethylammonium bromide (Sigma, 1 ml/50 mg of tissue) in a Potter homogenizer. The homogenate was vortex-mixed and centrifuged for 5.0 min at 2500 rpm. Ten microliters of the supernatant thus obtained was added to a 96-well microplate, in triplicate, followed by addition of 200 ml of a buffer solution containing O-dianisidine dihydrochloride (Sigma, 16.7 mg), bidistilled water (90 ml), potassium phosphate buffer (10 ml) and 1% H 2 O 2 (50 ml). The enzyme activity was determined by measuring the absorbancy (460 nm) with a Spectra Max Plus reader, and recorded at 15.0-s intervals for 2.0 min.
Statistical Analysis
The results are presented as meanϮstandard error of the mean (S.E.M.). The data were submitted to analysis of variance (ANOVA), followed by Tukey's test. p<0.05 was considered as the significance level.
RESULTS
Effect of the Crude Extract of Nectandra falcifolia on
Edema of the Paw Intradermal injection of carrageenan into one of the hind paw of normal rats (control grouptreated orally with saline or DMSO) caused a local inflammatory response, which reached a maximum intensity of edema at hour 4 after application of the phlogistic agent.
The crude extract of Nectandra falcifolia, at a dose of 250 mg · kg
Ϫ1
, did not alter the development of edema of the foot compared to the control group. However, at a dose of 500 mg · kg Ϫ1 it caused a statistically significant reduction in the intensity of response, at hours 2 and 4 after injection of the carrageenan. Treatment of the animals with indomethacin, the reference anti-inflammatory, significantly reduced the intensity of edema in all the periods evaluated. The results are presented in Fig. 1 .
Effect of the Crude Extract of Nectandra falcifolia on Pleurisy Intrapleural injection of carrageenan in groups of animals pre-treated orally with saline or DMSO, induced an acute inflammatory response, characterized by an increase in the volume of the pleural exudate and the number of leukocytes migrated to the cavity, compared to the base parameters (obtained from normal animals which received an injection of PBS in the cavity). Treatment of the animals with the Nf crude extract reduced the volume of the inflammatory pleural exudate; however, it did not alter the number of migrated cells. As previously observed, the doses of 250 and 500 mg · kg Ϫ1 similarly reduced the intensity of the response.
Treatment of the animals with indomethacin caused a pronounced reduction in the volume of the exudate. The results are presented in Fig. 2 and Table 1 .
Effect of the Crude Extract of Nectandra falcifolia on the Concentration of Total Nitrate Present in the Pleural
Exudates The levels of NO were significantly increased in the exudate from rats pretreated with saline (Cgϩsaline) or 16% dimethylsulfoxide (CgϩDMSO), which received an intrapleural injection of carrageenan, compared to the basal group (normal animals which received an injection of PBS in the pleural cavity). Treatment of the animals with the Nf crude extract did not change the concentration of nitrate in the inflammatory pleural exudate. The results are shown in Fig. 3 .
Effect of the Crude Extract and the Fractions from Nectandra falcifolia on Edema of the Ear Application of croton oil to the left ear of the mice induced a very evident inflammatory response by hour 6. The weight of the ear doubled compared to the right ear (basal, with no croton oil applied). The crude extract of Nectandra falcifolia failed to inhibit the intensity of edema at a dose of 1.25 mg; however, at doses of 2.5, 5.0, and 7.5 mg this extract significantly reduced the intensity of edema (Fig. 4) . Additionally, application of the hexane, chloroform, ethyl-acetate and hydromethanol fractions at a dose of 5.0 mg also significantly reduced the edema of the ear; this effect was similar for all four fractions tested ( Table 2) . Treatment with indomethacin, the positive control, caused an accentuated inhibition of the inflammatory response which differed significantly from the other treatments (crude extract and fractions).
Effect of the Crude Extract of Nectandra falcifolia on the Activity of Myeloperoxidase (MPO) MPO is an enzyme present in the intracellular granules of neutrophils, and can be used as a marker for the influx of polymorphonuclear leukocytes into inflammed tissues. Application of croton oil induced an increase in MPO activity on the order of 20-fold, at hour 6 after application of the stimulus. The Nf crude extract (5.0 mg) and indomethacin (1.0 mg) significantly inhibited the activity of the enzyme. These results are presented in Fig. 5 . The animals (nϭ8 for each group), were treated orally with the Nf crude extract, at the concentrations indicated, 30 min prior to the injection of carrageenan (200 mg). Indomethacin (Indo), administered orally at 5 mg · kg Ϫ1 , was used as the reference anti-inflammatory (positive control). One group of animals received an intrapleural injection of saline (basal). Each point represents the mean volume of the pleural exudateϮS.E.M., 4 h after injection of carrageenan. * p<0.01, * * p<0.001, compared to the control groups (Cgϩsaline), # p<0.05, compared to the Indo group (ANOVA, Tukey's test). 
DISCUSSION
The data from this study indicated that the plant species Nectandra falcifolia (Nf) shows anti-inflammatory activity in several experimental models of inflammation (paw edema and pleurisy induced by carrageenan, and edema of the ear induced by croton oil). However, the inhibitory effects caused by the extract on the models studied were different.
In the pleurisy model, the Nf crude extract administered orally caused significant inhibition only of fluid extravasation, and did not alter leukocyte migration. However, in the ear edema model, the extract applied topically inhibited both fluid extravasation and the cellular influx, as indicated by a reduction in myeloperoxidase activity. This enzyme, found in the azurophilic granules of neutrophils and other cells of myeloid origin, is commonly used as a marker for the influx of polymorphonuclear leukocytes into the area of the lesion 18, 19) and its inhibition indicates an anti-inflammatory action. 20) This difference may be related to several factors, including the action of the extract on the different inflammatory mediators involved in the models studied.
It is well known that different mechanisms may be involved in the genesis of inflammatory reactions. The development of the inflammatory response induced by carrageenan (paw edema and pleurisy) is characterized by an initial stage (1-2 h) which is dependent on the release of histamine, serotonin and bradykinin, followed by a later stage (3-4 h) which is maintained principally by the release of prostanoids. 21, 22) It has also been shown that nitric oxide (NO) has an important role as much as in the regulation of vascular permeability as in cell migration induced by pro-inflammatory agents, including carrageenan. 18, [23] [24] [25] Studies by Banerjee et al. 26) and Saleh et al. 18) have shown that NO appears to play an important role in modulating the generation of prostaglandins at the inflammation site. On the other hand, the edema of the ear induced by local application of croton oil involves the activation of phospholipase A 2 and, consequently, biosynthesis of prostaglandins and leucotriens. 27, 28) From the data of this study, we cannot conclude clearly which pro-inflammatory mediator of agent is inhibited by the extract. Particularly in the pleurisy model utilized, although the extract did not reduce the concentration of total nitrate in the pleural exudates, we cannot discard the possibility that this mediator participates in the inflammatory response.
Moreover, it is important to emphasize that the release of inflammatory mediators is probably unrelated not only to the type of phlogistic agent used to induce the reaction, but also to the tissue affected. As observed in our study, the Nf crude extract, when administered to the animals in low concentrations, reduced the fluid extravasation only in the pleurisy model, but not in the model of edema of the paw.
Taken together, these results corroborate the data of other investigators who observed differences in the action of plant extracts or even of traditional anti-inflammatory on the inflammatory stages and the mediators, in different experimental models 18, 29) Additionally, as shown in the present study, the hexane, chloroform, ethyl-acetate and hydromethanol fractions obtained from the Nf crude extract also showed an anti-inflammatory effect on edema of the ear. Thus, it is possible that the active constituents present in the plant extract could inhibit the different stages of the inflammatory reaction.
It is also important to consider differences in the process of absorption of the extract, related to the routes of administration used (oral and topical). In this context, we cannot discard the possibility of irregular absorption after oral administration. Although there is still no detailed published informa- Croton oil (CO), Indomethacin (Indo), hexane fraction (HF), chloroform fraction (CF), ethyl-acetate fraction (AF), hydromethanol fraction (MF). The animals (nϭ8 for each group) were treated topically with the Nf crude extract, at the indicated concentrations, immediately after application of croton oil (200 mg) to the left ear. Indomethacin (Indo), 1 mg of which was administered topically, was used as the reference anti-inflammatory (positive control). Ears which received only an application of the vehicle (basal). Each column represents the mean weight of the earsϮS.E.M., 6 h after application of the croton oil. * p<0.01, * * p<0.001, compared to the control group (CO), # p<0.05, compared to the Indo group (ANOVA, Tukey's test). tion on the process of gastrointestinal absorption of the different chemical constituents present in plants, some investigations have indicated that, the absorption process can be influenced by the chemical structure of the substance. 30) In summary, the present study provided evidence indicating that the Nf crude extract and its fractions showed significant anti-inflammatory activity when administered orally or topically to animals. These data support the development of additional studies in order to identify the active constituents of the extract of Nectandra falcifolia and to elucidate its true mechanism of action.
